Abstract Stakeholder participation is increasingly discussed as essential for sustainable water resource management. Yet detailed understanding of the factors driving its use, the processes by which it is employed, and the outcomes or achievements it can realise remains highly limited, and often contested. This understanding is essential to enable water policy to be shaped for efficient and effective water management. This research proposes and applies a dynamic framework that can explore in which circumstances environmental stress events, such as floods, droughts or pollution, drive changes in water governance towards a more participatory approach, and how this shapes the processes by which participation or stakeholder engagement takes place, and the subsequent water management outcomes that emerge. The framework is able to assess the extent to which environmental events in combination with favourable contextual factors (e.g. institutional support for participatory activities) lead to good participatory processes (e.g. well facilitated and representative) that then lead to good outcomes (e.g. improved ecological conditions). Through applying the framework to case studies from the literature it becomes clear that environmental stress events can stimulate participatory governance changes, when existing institutional conditions promote participatory approaches. The work also suggests that intermediary outcomes, which may be tangible (such as reaching an agreement) or non-tangible (such as developing shared knowledge and understanding among participants, or creating trust), may provide a crucial link between processes and resource management outcomes. If this relationship can be more strongly confirmed, the presence or absence of intermediary outcomes may even be used as a valuable proxy to predict future resource management outcomes.
INTRODUCTION
Water resource management is central to meeting the water challenges of the 21st century. These challenges include floods, droughts, pollution, resource distribution and restoring and maintaining ecosystems and their services. Management decision making, implementation and the subsequent impacts of decisions on water resources are shaped by the interplay of a collection of social, economic and environmental factors (Pahl-Wostl et al. 2007) . To identify and implement optimal management strategies, knowledge and understanding of the characteristics and interdependencies of the entire system is essential (Bakker 2012) . This is highly complex, but as a first step, research is needed that can unpack the interactions between natural and social systems to better understand the factors influencing the management of water. One aspect of this is the role of stakeholder and public participation and collaboration in water management.
Stakeholder involvement is encouraged for a number of reasons. Management decisions developed through participative processes are often viewed as more legitimate and therefore meet less resistance at the implementation stage (Bjerregaard 1998 , van de Kerkhof 2006 . Participation is also able to tap into the knowledge, skills and networks of wide groups of participants and could lead to more effective solutions being identified (van den Hove 2000, Newig et al. 2005) . However, the impact of collaboration on water resource management is not clear cut and detailed understanding of the factors driving its use, the processes by which it is employed, and the outcomes or achievements it can realise remains highly limited, and often contested (Conglianese 1997, Koontz and Thomas 2006, Reed 2008) . Better understanding of participation is essential to enable water policy to be shaped for efficient and effective water management.
Of particular interest is the dynamic interaction between the environment, governance strategies (such as a participatory approach), and the social and environmental management outcomes which emerge as a result of the strategies employed. Previous work suggests that an environmental issue, such as water scarcity, can have the effect of changing the water governance system to one which includes greater stakeholder involvement. For example, persistent water scarcity has been shown to lead to a shift towards decentralised water management through local water user groups (Dinar et al. 2007 ). Other work shows that a system managed by farmer water user groups leads to an enhanced capacity to reduce the impacts of severe droughts on crop yields (Uphoff and Wijayaratna 2000) . In a different setting, researchers report how major flood events often lead to a shift from large scale, centralised flood protection measures, to local decentralised approaches for water (and nutrient) retention at the sub-catchment scale (Bracken et al. 2012 , Jordan et al. 2012 . The assumption that environmental crisis events (particularly flood events) lead to changes in the governance system has been discussed by several researchers. Adger et al. (2012) use the concept of social contract theory (how governments and responsibility evolves in response to environmental risks) to examine how perceptions of flood risk and individual responsibility respond differently to an actual flood event in Ireland and England. They show that communities use political processes to create change that deals with the risks. Similarly, through an analysis of four major flood events in the UK, Penning-Rowsell et al. (2006) show that crisis events increase the rate of policy change, and often the range of actors involved, by providing a catalyst for implementing existing ideas that had previously been floated in the policy arena. Based on existing work, it is therefore expected that environmental stress events will lead to changes in the governance system that may result in more participatory approaches being employed for environmental management.
This paper outlines and applies a framework ( Fig. 1 ) that can be used to assess how the circumstances of environmental stress events, such as floods, droughts or water pollution drive changes in water governance towards one which is more participatory. In addition, the framework links participation processes to outcomes because it is essential to gain a better understanding of how governance impacts water management.
DYNAMIC FRAMEWORK FOR EVALUATING PARTICIPATION
Using a detailed literature review approach of how participation programmes and projects have been evaluated by researchers (Carr et al. 2012) , a framework has been developed for this research that captures and links together five aspects of stakeholder involvement (Fig. 1) . The framework is based on a model by which environmental stress events, in combination with factors of the social setting or context, lead to specific features of a stakeholder participation process (e.g. well facilitated, representative of all interest groups, inclusive of a wide collection of knowledge) that in turn result in intermediary (often non-tangible) outcomes such as innovation, the creation of trust, shared knowledge and information or increased understanding of the views of others. Evidence suggests that features of a good participation process positively correlate to the achievement of intermediary outcomes. For example, Newig and Fritsch (2009) found that innovative solutions emerged from more intensive communication, information flow, fairness and representativeness. Intermediary outcomes do not relate to a direct change in resource management at the point in time at which they are evaluated, but evidence suggests they may be essential to achieve resource management improvements (Conley and Moote 2003 , Connick and Innes 2003 , Genskow 2009 ). The combination of the process and the emerging intermediary outcomes are therefore expected to lead to resource management outcomes such as an improvement in the ecological condition of the water resource or enhanced community resilience to drought events and improved economic well-being. These outcomes are expected to alter how environmental stress events take place and manifest themselves in the future, hence the framework is dynamic.
METHODS
Using the framework as a base with which to shape the research enquiry, eight case studies were selected from the literature and were examined in detail with regards to each aspect of the framework (environmental stress event, context, process, intermediary outcomes and resource management outcomes) (Fig. 1) . The focus of the case study analysis was on the positive associations between each aspect of the framework. For example, clear evidence that particular aspects of the process had led to particular intermediary outcomes.
Case studies were selected based on the quantity of information provided by the authors describing and linking the processes to the outcomes of participation. The case studies come from around the world and relate to a variety of water resource situations (Table 1) . One limitation of basing the analysis on published case-studies is that it relies fully on the information on processes and outcomes provided by the author(s) of each published paper. As authors' evaluation objectives vary (some may be interested in examining how participation raises agreement between stakeholders, others in how participation leads to economic improvement) each paper may omit process and outcome associations that did not fit their objectives. Despite this limitation, the case study approach offers the potential to rapidly assess the reliability and suitably of the analysis framework to a variety of participation situations and leads to provisional findings on environmental events, processes and outcome associations.
RESULTS
The qualitative case study analysis (Table 1 ) reveals several important similarities between the case studies that suggest their observation is significant. Firstly, in all cases an environmental stress event (that may be due to either an existing management strategy that no longer meets the needs of the stakeholders, a greater demand for improved ecological conditions or persistent water scarcity) in combination with institutional or process manager support for participatory approaches seems to drive a participatory process to be adopted (Fig. 2) . This suggests that environmental factors do stimulate a governance response, but a pre-existing interest or requirement for participation is needed to ensure that the strategy adopted includes stakeholder collaboration.
Secondly, the case study analysis is able to highlight the most common process factors, intermediary outcomes and resource management outcomes described by researchers (Table 2 ). This shows that seven out of the eight case studies identified facilitation as a critical process factor for achieving intermediary outcomes. Inclusion of participant knowledge and support for dialogue between stakeholders were also frequently described. The dominant intermediary outcomes identified were reaching an agreement and the construction of shared knowledge and information. Resource management outcomes tend to emerge over longer timescales and very few case studies Well facilitated process, with structured and transparent decision making and delegation of representatives to specific tasks led to shared knowledge and information on setting up a drip irrigation scheme.
Shared knowledge and information
accumulated through the process led to implementation of a drip irrigation scheme. were able to identify them (Table 1 ), but of those that could, implementation of a plan was most frequently described (Table 2 ). In one case study, conflict resolution between previously feuding stakeholders was also a clear resource management outcome. Thirdly, analysis of the most common relationships between the process factors and intermediary outcomes reveal that a well facilitated process can lead to an increased understanding of the views of others and to reaching an agreement (Fig. 2) . Support for dialogue between stakeholders can lead to shared knowledge and information, reaching agreements and the development of trust. Inclusion of participant knowledge seems to lead to more innovative strategies being developed (Fig. 2) . When examining the drivers of natural resource management outcomes, as expected, implementation must always be preceded by an agreement being reached. Conflict resolution seems to be dependent on trust being achieved and shared knowledge and information being developed.
DISCUSSION AND FUTURE WORK
This research makes several important findings. The results show that participatory approaches emerge when environmental factors occur in combination with a suitable contextual situation that supports participation (i.e. there are underlying factors that promote decision makers to use a participatory approach). This finding supports that of Penning-Rowsell et al. (2006) who showed that crisis events provide a catalyst for the implementation of previously discussed, but not yet implemented ideas. The potential value of participatory approaches has been discussed for several decades and is supported by key water policy documents including the European Water Framework Directive and United States Clean Water Act. These contextual factors are likely to drive process managers to adopt a participatory approach ( Table 1) .
The results also show that good processes do lead to the achievement of intermediary outcomes, and that intermediary outcomes do precede resource management outcomes. This is highly relevant because intermediary outcomes can be detected earlier than resource management outcomes that tend to emerge at a later time. The work also suggests that it may be easier to identify and even measure intermediary outcomes such as the development of trust, shared knowledge and increased understanding of the views of others than resource management outcomes such as an improvement in ecological functioning, for which there is often no baseline data prior to the participation program (Ferreyra and Beard 2007) . Importantly, the results are able to show which process factors lead to which intermediary outcomes. This reveals that facilitation, inclusion of participant knowledge and dialogue are critical process factors. Many researchers have highlighted the importance of facilitation to participatory processes (see Carr et al. 2012) and this research supports the need to emphasise to those running participation programmes that a well facilitated process is critical. Inclusion of participant knowledge is less commonly identified in the literature as an important process factor but this work suggests it is also essential for achieving intermediary outcomes.
This research offers an attempt to better understand how participatory approaches emerge, and what these approaches are capable of achieving. The evaluation framework proposed has been of value in shaping the research enquiry and the provisional findings presented in this paper suggest it is both relevant and reliable. Future work is planned that will examine a greater number of case studies in order to more concretely confirm the trends identified by this research and additionally examine negative trends as it is also expected that failure to conduct participatory processes in an optimal way (i.e. poor facilitation) will lead to failure to achieve outcomes.
